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These and other objects, features and advanuges of this 
ittvcntioa will be dearly understood through a coostderatioa 
uf the fuUuwiDg deldUcd dciscripliuD. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The iaventioQ will be further elucidated in the foUowiog 
descriptioQ with reference to the drawings, in which: 

FIG. 1 is a perspective view, partiaily cut away, of an 
expandable supportive endoluminal graft construction in 
accordance with the invention; 

FIG. 2 is a cross-sectional view along the line 2 — 2 of 
FIG. 1; 

FTG. 3 Ls a perspective view, partially cut away, of another 
15 embodiment of the expandable supportive endolumioal graft 
construction; 

FIG. 4 is a cro.v%-«clionaI view along the line 4—4 of 
FIG. 3; 

FIG. 5 is a perspective view, partially cut away, of a 
^° further embudimcnt uf the expandable luminal gnifl orn- 
struction; 

FIG. 6 is a cross-sectional view along the line 6 — 6 of 
FIG. 5; 

j5 FIG- 7 is a perspective view, partially ait away, of a 
bifurcated expandable supportive cndolurainal graft con- 
struction; 

FIG. 8 is a cross-scclional view along the line 8 — 8 of 
HG. 7; 

30 FIG. 9 is a somewhat schematic view illustrating an early 
step in the implantation of a device such as shown in FTG, 
7; 

FIGS. 10, 11 and 12 arc generally schematic views along 
the lines of HG. 9 showing expansion of the main body and 
the branches of this bifurcated device; 

FIG. 13 shows this biftircatcd supportive graft after 
completion of the expansion procedure; 

FIG. 14 illustrates another embodiment of a bifurcated 
^ expandable supportive endoluminal graft constmctioo; 

FIGS. 15, 16 and 17 illustrate implantation and assembly 
of the graft of FIG. 14; 

FIGS. 18, 19, 20 and 21 illustrate a oompoDcnt branched 
graft and various stages of its separate, component dcploy- 
45 ment within a body vessel to repair an aneur>'sm, FIGS. 18 
and 19 showing deployment of a preferred branched, lon- 
gitudinally indented trunk component, and FIGS. 20 and 21 
showing separate deploy mcni uf two branch compoocnis 
within the trunk component; 
50 FIG. 22 is a tup plan view uf an embudimenl uf a. 
branching trunk component in accordance with the inven- 
tion; 

FIG. 23 i.s a cnn.ss-.^ctioiial view along the Iiijc 23 — 23 of 
HG. 22; 

FIG. 24 is a side elcvalional view of the branching trunk 
component as illustrated in FIGS. 22 and 23; 

FIG. 25 is an end view of the strucmrc as shown in FIG. 
24; 

^ FIG. 26 is a perspective, generally exploded view of an 
example uf a Gxture suitable fur funning the lungiiudinal 
crease in this trunk component; 

FIG. 27 is a lungiludinal broken-away view uf the ILxturc 
of FIG. 26 with a braided cylindrical mbe positioned therein; 

65 FIG. 28 is a view generally in accordance with FIG. 27, 
showing formation of oppojvlng create indents in the braided 
cylindrical lube during formation of this trunk component; 
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components are illusirated in FIG. 18 through FIG. 21, 
which aLsu tUuslrale Ibcir .separate dcpluymeal wiih respccl 
to each other within an aortic truok. Same b shown in 
coaocction with treating an aneurysm such as an abdominal 
aorio-iliac aneurysm- The device includes a trunk compo- 5 
ncoi 101 which, in the illustrated use, is designed to extend 
from below the renal arteries to a location between the 
proximal neck of the aneurysm and the aorto-iliac bifurca- 
tion. It will be understood that this trunk component could 
also be shorter so that it terminates just below the proximal 
neck of the aneurysm, for example of a length which 
terminates within the dent or crease 124. In addition, the 
component bifurcated expandable supportive graft of this ^ 
cinboclifucnt Ls sclf-expaiicliog and is deployed by means aV 
introducer containing compressed expandable supportive 
graft components. 

More particularly, and with reference firstly to FIG. 18, a 
guidcwire 102 is first inserted in accordance with known 
procedures so as to traverse the aneurysm 103. Next, an 
introducer, generally designed as 104 having the trunk 
cumpuncni there within in a radially aimpresscd state is 
inserted over the guidewirc 102. The introducer is maneu- 
vered such that it is properly positioned as desired, in this 
cose at a location distal of the distal end of the aneurysm. 
Then, ihc sheath 105 of the introducer is withdrawn, such as 
by sliding it in a proximal direction while the remainder of 
the iitiroduccr 104 rem a i 115 in place. As the sheath is 
withdrawn, the trunk 101 expands, eventually achieving the 
deployed or implanted position shown in HG. 19. At this 
stage, the distal portion 106 of the trunk is well anchored 3Q 
into the blood vessel wall and is suitably deployed. 

FIG. 20 shows an introducer, generally designated as 107, 
having an independent tubular expandable supportive graft 
leg conipoiicnt 108 (FIG. 21) radially compressed therc- 
within. In this illustrated embodiment, this leg component is 35 
an iliac component of the bifiircatcd supportive graft being 
assembled within the body vessel. The introducer 107 is 
advanced until this iliac component is moved into a leg 109 
of the already deployed trunk component 101. This posi- 
tioning is illu.stralcd In FIG. 2Mt will he noted that the iliac 4c 
tubular supportive graft component 108 extends from well 
within the leg 109 to a location proximal of the aneurysm in 
the iliac artery 1 10. 

In a previous step, a guidcwire bad been passed through 
the appropriate vessel to iliac artery 112 until it crossed the 45 
aneurysm 103, while passing through the other leg 113 of the 
deployed Irunk compuncnl lOl. When the iniruduccr for the 
previously radially compressed iliac component 115 had 
been removed, the component 115 had expanded radially 
and was deployed. Thus, the entirety of the bifurcated 50 
endoprosthesis or expandable supportive graft in accordance 
with this embodiment is fully deployed and assembled 
together as shown in FIG. 21, ;is well js generally depicted 
in FIGS. 29 and 30. 

It will be noted that it is not required to actually attach the .M 
trunk component 101 and the mbular components 108, 115 
together. In other words, these components are generally 
telcscopically positioned with respect to each other. This 
telescopic feature allows some slippage between the trunk 
component :ind the tubular leg ctiraponents, thereby pro v id- 60 
ing a telescopic joint which functions as a slip bearing. It 
will be appreciated that it is generally desirable to firmly 
anchor portions of the bifurcated endoprosthesis within 
heahhy vessel wall tissue. This can be achic%*cd by the hoop 
sucngih of the supportive graft or by taking measures to 65 
cnh.mce hoop sincngtli at lis etuU. or by pnwiding grisptng 
structures such as hooks, barbs, flared ends and the like. 
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leg portions I09c and U3c arc not so boaded to the stent 
porrion 12 Ic. This facilitates formation of the leg ponioos, 
which iirc typically pinched aU»ng the lcng»h of the lcy> in ^ 
order to form at least one internal seam I26c. Leg openings 
127c and I28c arc thereby generally defined between this 5 
seam 126c and the adhesion zones I24c and I25c. 

In FTCi. 33, means arc included in the trunk component 
lOid which provides enhanced sccurcracnl upon implanta- 
tion. A stent component 129c/ is included which has a 
substantially higher pitch angle (for example, between about iG 
140* and 180') than does the stem portion Uld therebelow 
wiihiu which the legs arc pasitioucd (for example, at a pitch 
angle of between iboutTO' and 90'). This higher pitch angle 
zone imparts a greater hcop strength upon deployment than 
does the stent 12 Ic of the trunk component lOlc. Abaib 130 '-^ 
is also shown in order to further assist in securcmcot of the 
endoprosthesis to the arrery wall. When desired, the barb- 
type of structure can lie a liacking ring and harh formed out 
of the stent strand during its formation into the cylindrical 
supportive member. 

Any of ihc viiciuas cxpjindablc stipportive cntluluminiil 
graft, or stent graft, constructions discussed or referred to 
herein can be used in order to constnicl devices in accor- 
dance with this embodiment. Other modifications may also 
be incorporated, including tubes having stepped diameters 
or conical ends. The stent component can be made wiih flat 
wires nr wuh pairs of wires nr rmiititil.imcnt wires. They can 
incorporate balloon expandable stents, self-expanding 
stents, and combinations of balloon expandable stents and 
self-expanding stents. Use can be made of ancillary equip- 
ment such as cndoluminal stapling devices or suturing 
device:* in urdcr to Caciliiaic sccurcracai ai the aneurysm 
neck, for example. Also, a portion of the stent component 
without a liner component or the like thereon can project it ^. 
tbe proximal end of the cndoluminal compoacnt, such as at " 
a location which would be above the renal arteries. The 
objective is also to help to secure tbe device in place. 

Ihc prosthesis as discussed is deployed to replace or 
repair tubular bodies such as blood vessels, tracfacas. 'irciers ^ 
and the like, accommodating more than one conduit in order 
to divert flow to other branches of the tubular body. This 
allows for repair of i bifurcated area which is difficult lo 
repair using a singlc-lumcn device or a plurality of indi- 
vidual single-lumen devices. U is suitable for repair of 
damagcs^b ranched conduits or, conversely, to repair con- 
duits which converge into a single branch. 

A preferred use for the bifurcating cndoluminal grafts 
discussed herein is tor insertion into a branching blood 
vessel. Same is typically suitable for use in the coronary 
va-scubmrc (the right, left ctiraraon, left anlcriur ilcsucnding, 
and circumflex coronary arteries and their branches) and the 
peripheral vasculature (branches of the carotid, aorta, 
femoral, pcpiiteal jrieries and the like). These bifurcated 
devices are also suitable for implantation into other branch- 55 
inn vessels such as in the gastrointestinal system, the tra- 
chcLiba'nchi.il irce. ihc biliary system, .ind the gcnituurin:iry 
sysicnn. 

It will be appreciated that the expandable suppor.ive 
gnfls in :iccuril:mcc with the presicni invcniitm will tliluie 
and/or support blood vessel lesions and other defects or 
diseased areas, including at or in proximity to sites of 
vascular bifurcations, branches and. or anastomoses. The 
expjniiablc supportive ijraK is an iniej;ral siruciurc :hai 
incorporates the expandable sunp^^rt component into the ? 
wall or waH.> «>r the cla.Mootciic ijiatt. Covens inJ.*or liniiigs 
that make up the sraf'.s interface wtth body ccmponenis that 



14 

ficiliute normal cellular mvasioa without stenosis or recur- 
rent stenosis when the graft is in its expanded, supportive 
uricnliiliun. The gr»fi malcrul is inert ami biucumpHtiblc. 
The expandable supportive graft can be expanded from a 

5 smaller diameter insertion configuration to a larger diameter 
implantation configuration by the application of radially 
outwardly directed forces provided by expanding the 
endoprosthesis with a balloon catheter, using an ejection 
tulic that allows a spring-inio-placc structure to be deployed 

10 from the end of a catheter into its expanded configuration, or 
by using a support component made of certain alloys exhib- 
iting thermo transition characteristics by which they expand 
when heated, for example. 

In addition to the support component stiucturcs illustrated 
herein, support structures include others hiving spring char- 
acteristics and those having a coil with circumferentiaUy 
oriented fingers such as shown io Gianturco U.S. Pat. No. 
4,8(X),882, inaiqiorated by reference hcrcinto. \JS. Pat. 
Nos. 5.061.275. 5,219^55 and 5336^00 relate to expand- 

20 ing or self-expanding cndoluminal devices, lypically, these 
devices center on the use of a metallic structure imparting 
expaasioo attributes. U.S. Pat. Nos. 4,994,071 and 5.360. 
443 describe bifurcated devices which use expandable 
metallic stent structures and textile malcriab allowing 

25 branching of fluid flow. In general, materials of these 
patents, incorporated by reference hereinlo. con be utilized 
in constructing components of the present invention. 

More specifically, the tubular supportive component pref- 
erably is a braided tubular stent body made of metal alloy or 
any other material that is flexible, wbile being rigid and 
resilient when thus braided. Spring-type metals are typically 
preCerrcJ, such m stainless steel, tilaaium, stainlcvi siccl 
alloys, cobalt-chromium alloys, including alloys such as 
ElgUoy, Phynox and Conichrotnc. Thermal transition or 
memory function alloys such as nickcl-iitanmm alloys 
including Nitinol are also suitable. Malleable metals includ- 
ing tantalum would be especially suitable for a struaure that 
is nul sclf-cxpanding. 

Concerning the materials for the liner(s). they ire typi- 
cally polymeric milerials in the form of a membrane or 
tcxiilc-likc milerial. the objective being to reduce the poros- 
ity of the stent for proper tissue ingrowth and fluid lightness. 
Exemplary polymeric materials include polyesters such as 
polyethylene terephthalate, polyolefins such as 
polypropylene, or elasiomeric materiils such as polyure- 
thane or silicone rubber. Combinations of these materials are 
aUo possible. In an especially preferred arrange meat, the 
exterior liner which engages the tubular supportive compo- 
nent 121, when provided, is made of a double tricot poly- 
ester mesh knit, typically a Daeron type of material, while 
the interior liner U2c is made of a polyurethane. In an 
especially preferred arrangement, a thin coating or cover of 
ITolynicr Is pmvtdcd over the braided wires of the tubular 
supportive component. 

With further reference to the material out of which the 
cuvcr ami/or liner of the gr;ifls in accurtbacc with the 
present invention arc made, the material must be strctchablc 
with respect to the support component so that it will follow 
the movement of the endoprosthesis between its fiilly col- 
lapsed and expanded or implanted configurations. Polyure - 
thanes arc preferred. Particularly preferred is an especially 
crack-resistant, ela.'^lomeric and pliable polycarbonate urc- 
thane as described in Pinchuk U.S. Pat. Nos. 5.133.742 and 

^ 5.229,431. incorporated by reference hercinto. 

In addition, various .surface treaimciiLs can l>c applied to 
render the surfaces of the expandable supported graft more 
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identical as shown in FIG. 26. A larger sized mandrel 
cyiinJcr will ntisull in Ibc furmaiiua uf a larger trunk 
component leg 109, 113. This would typically also include 
shifting the location of the slits 135 so that the plane of blade 
3 insertion will line up with the troughs. It will be appreciated 
lhat the tri&rcated arrangement is achieved by a three- 
component mandrel and tbree sUts and blades that are 120" 
apart. Similarly, a four-branched sinicture would include 
four of each features, spaced 90* apart. 
In a preferred arrangement for this embodiment, the thus 
^ deformed braided tubular supportive component is chemi- 
cally and heat processed in order to set the desired diameter 
and mechanical properties of the main body. Once this 
flexible metallic stent with conformed shape is thus 
prepared, it is preferably lined as discussed elsewhere 
' herein. It will be noted that the illustrated tubular braided 
mesh has a main cross-sectional area and has an oubvard 
flair at both ends. The braided structure is advantageously 
accommodated by the serrated structure of the blade edges 
138, 139 in lhat the wire elements of the braid are grasped 
a Oil secured at the ends of the bifurcaliun. 

The expandable supportive graft of the present invention 
is cap all le of lieing tat In red to meet .specific needs, depend- 
ing upon the particular defect or disease being addressed, 
^5 such as occlusion, stenosis, aneurysm, arleriovenosis fistula, 
Uauma and the like, as well as upon the anatomy of the 
vessel. For example, it can be desirable to have the support 
coroponeni of the expandable supportive graft at locations 
other than Ihroughnui the entirety nf the graft as spedfically 
30 illustrated in FIGS. 1 through 4 hereof. The bifurcated graft 
of HGS, 7 and 8 shows some separation along the support 
component, such as between the trunk 61 and the branches 
62, 63. It is also possible, with the grafts in accordance with 
the present uivcutiou, to provide an expandable graft having 
35 its supportive property emanating from one or more support 
components, whUc thereby providing an adjoining graft 
cylindrical portion which is supported primarily by its close 
proximity to a support component which can be presented at 
one end, both ends, or spaced along the expandable sup- . . 
4Q portive graft in accordance witlynvcntion. THf 
Such a structure is generally illustrated in FIG. 5, wherein 
an adjoining graft cylindrical portion 71 is positioned 
between a first support component 72 and another or second 
support component 73. The expandable supportive graft in 
45 accordance with the present invention provides the tai- 
lorability advantage of being able to vary within a single 
grifl the cwnfigunUion, structure and properties of the sup- 
pott component or components of the grift. These various 
properties allow the expandable supportive graft to be 
50 tailored in accordance with particular needs of the disease, 
defect or damage being treated. For example, support may 
be particularly desirable at one location being treated, while 
a less rigid supportive area is needed at another, generally 
adjoining location. Dy the expandable supportive graft in 
55 accordance with this invention, a single graft can be 
deployed in order to effect two or more different functions. 
By achieving multiple support and/or repair functions with 
a "single device, possible trauma to the paiicnt is minimized 
by reducing the number of traasluminal pa.ssages needed to 
60 address a situation that could other^TSc require separate 
stents or grafts, each of which is separately deployed or 
implanted. 

With further reference to the tailorability aspects, the 
present invention reduces the risk of comprotnising the 
bS patency of the passageways being treated. This is particu- 
larly true in treating lesions at or near va.scuhr bifurcations, 
branches and/or aaastomoscs. Typical difficulties which can 



